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A s t a t i s t i c a l  a n a l y s i s  has  been made on s o l a r  
r a d i o  emis s ion  a s s o c i a t e d  w i t h  l a r g e  p r o t o n  e v e n t s  
and s o l a r  r a d i o  o u t b u r s t s  a s s o c i a t e d  w i t h  no p r o t o n  
e v e n t s  and small p r o t o n  e v e n t s  f o r  t h e  f r e q u e n c y  
range  1 0 0 0 - 3 7 5 0  rnc/s. S p e c i f i c  c r i t e r i a  have been 
e s t a b l i s h e d  f o r  t h i s  f requency  range .  Fu r the rmore ,  
i n v e s t i g a t i o n s  have been made i n t o  f a l s e  a l a rms  and 
f r equency  combina t ions .  
The r e s u l t s  o f  t h i s  a n a l y s i s  can  s e r v e  a s  t h e  
b a s i c  d e s i g n  c r i t e r i a  f o r  an e l e c t r o n i c  sys tem t h a t  
may p r o v i d e  a warnilig f o r  l a r g e  s o l a r  p r o t o n  e v e n t s .  
T h i s  c r i t e r i a  w i l l  h o l d  f o r  any f r equency  i n  t h e  
range  1 0 0 0 - 3 7 5 0  mc/s. Such a warning sys tem would 
r educe  t h e  c o r p u s c u l a r  r a d i a t i o n  h a z a r d  t o  f u t u r e  
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Large s o l a r  cosmic ray i n c r e a s e s  a r e  a dange r  t o  space  f l i g h t .  
The t o t a l  r a d i a t i o n  dose  from one o f  t h e s e  e v e n t s  d e f i n i t e l y  p r e -  
s e n t s  a h a z a r d  t o  f u t u r e  space  t r a v e l e r s .  The r a d i a t i o n  e f f e c t s  
on m a t e r i a l s ,  e l e c t r o n i c  components, and o t h e r  i n s t r u m e n t s  u sed  i n  
s p a c e  m i s s i o n s  a l s o  p r e s e n t  a problem. Consequen t ly ,  a s o l u t i o n  
t o  t h i s  problem must be found b e f o r e  f u r t h e r  p e n e t r a t i o n  o f  s p a c e  
i s  a t t e m p t e d .  
One o f  t h e  a r e a s  where a p o s s i b l e  s o l u t i b n  t o  t h e  space  r a d i a -  
t i o n  problem may b e  found i s  t h e  f i e l d  o f  warn ing .  
t h e  i n d i c a t i o n  o f  a l a r g e  s o l a r  p r o t o n  e v e n t ,  which has  a l r e a d y  
o c c u r r e d ,  b e f o r e  t h e  a r r i v a l  o f  t h e  c o r p u s c u l a r  r a d i a t i o n .  In  
t h e  c a s e  o f  an i n t e r p l a n e t a r y  m i s s i o n ,  once a warning i s  g i v e n  
t h a t  a s t r e a m  o f  p a r t i c l e s  from a s o l a r  r a d i a t i o n  e v e n t  i s  headed 
toward t h e  s p a c e  c r a f t ,  v a r i o u s  p r e c a u t i o n a r y  measures  may be 
t a k e n .  
s p o t  s h i e l d i n g ,  n e a r  body s h i e l d i n g ,  shadow s h i e l d i n g ,  ' a r t i f i c a l l y  
g e n e r a t e d  magne t i c  f i e l d s  around t h e  s p a c e  c r a f t ,  and a v a r i e t y  o f  
o t h e r  t e c h n i q u e s  can be  used.  
A "warning" i s  
To p r o t e c t  t h e  s p a c e  t r a v e l e r s  and s e n s i t i v e  i n s t r u m e n t s ,  
There a re  many i n d i c a t i o n s  t h a t  a warn ing  o f  s o l a r  p r o t o n  
e v e n t s  may be p r o v i d e d  by means o f  a s c i e n t i f i c  sys tem which u s e s  
s e l e c t i v e  c r i t e r i a  on t h e  c h a r a c t e r i s t i c s  o f  s o l a r  r a d i o  emis s ion  
o u t b u r s t s  a s s o c i a t e d  w i t h  t h e s e  e v e n t s .  The r e s u l t s  p r e s e n t e d  i n  
t h i s  r e p o r t  can s e r v e  as t h e  b a s i c  c r i t e r i a  f o r  an e l e c t r o n i c  
s y s t e m  t h a t  may p r o v i d e  such a warning.  S p e c i f i c  s i g n a l  c h a r -  
a c t e r i s t i c s  of  s o l a r  RF emiss ion  which a r e  i n d i c a t i v e  o f  l a r g e  
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p r o t o n  e v e n t s ,  can  be  b u i l t  i n t o  an e l e c t r o n i c  p r o t o n  e v e n t  warn- 
i n g  system. 
t h i s  s t u d y  p recede  t h e  s t a r t  of  t h e  PCA e v e n t  i n  e v e r y  c a s e ,  such  
a warning sys tem would g i v e  an a l a rm b e f o r e  t h e  a r r i v a l  o f  t h e  
a c t u a l  p r o t o n  hazard .  A system o f  t h i s  t ype  would n o t  be  o v e r l y  
complex and can p o s s i b l y  be o p e r a t e d  i n  t h e  f u t u r e  b o t h  from t h e  
ground and on a manned space  c r a f t .  
The purpose  o f  t h i s  r e p o r t  i s :  
A.  
S i n c e  t h e  RF s i g n a l  c h a r a c t e r i s t i c s  s p e c i f i e d  i n  
To p r e s e n t  a s e t  o f  warning c r i t e r i a ,  f o r  RF sys tems 
o p e r a t i n g  between t h e  f r e q u e n c i e s  1 0 0 0  and 3750 mc/s. 
To d i s c u s s  t h e  method o f  a r r i v i n g  a t  t h i s  c r i t e r i a .  
To d i s c u s s  t h e  importance and s i g n i f i c a n c e  o f  t h e s e  
r e s u l t s .  
B.  
C. 
A p r e v i o u s  r e p o r t  from S c h e l l e n g e r  Research Labora to r i e s ’  has  
e s t a b l i s h e d  v a r i o u s  r e l a t i o n s  between s o l a r  r a d i o  emis s ion  and 
s o l a r  p r o t o n  e v e n t s .  
a n a l y s i s .  
s t u d i e d  f o r  a f requency  range t o  i n c l u d e  1 0 0 0 ,  1 4 2 0 ,  1500,  2 0 0 0 ,  
2800, 2980, 3000,  and 3750 mc/s. 
l e t e d  from t h i s  range  because o f  a s m a l l  sample s i z e  i n  comparison 
t o  t h e  o t h e r  f r e q u e n c i e s  w i t h i n  t h e  a s s i g n e d  range .  The s m a l l  sam- 
p l e  s i z e  may be a t t r i b u t e d  t o  t h e  o b s e r v a t i o n  o f  t h e  2 1  c m  s p e c t r a l  
l i n e  o f  Hydrogen by t h e  1 4 2 0  mc/s observa tory’  t h e r e b y  d e c r e a s i n g  
t h e  c o n t r i b u t i o n  of  t h a t  s t a t i o n  i n  r e c o r d i n g  s o l a r  RF emis s ion .  
Consequen t ly ,  when d i s c u s s i n g  t h e  f r equency  range  1000-3750 mc/s, 
i t  i s  unde r s tood  t h a t  1420 mc/s i s  n o t  b e i n g  cons ide red .  
This  r e p o r t  i s  a supplement  t o  t h a t  i n i t i a l  
I n  t h i s  p r e s e n t  s t u d y ,  f i x e d  f r equency  r e c o r d s  have been 







f r e q u e n c i e s  1 0 0 0 ,  1500, 2 0 0 0 ,  2800,  2 9 8 0 ,  3000, 3 7 5 0  a r e  then  t h e  
i n c l u d e d  f r e q u e n c i e s .  
A s e t  o f  c r i t e r i a ,  p e r t a i n i n g  o n l y  t o  t h e  f r e q u e n c i e s  w i t h i n  
t h e  range 1000-3750 mc/s have been e s t a b l i s h e d  f o r  s o l a r  r a d i o  
emis s ion  t o  be i n d i c a t i v e  o f  l a r g e  s o l a r  p ro ton  e v e n t s .  These 
c r i t e r i a  have been thoroughly  i n v e s t i g a t e d  t o  i n s u r e  t h e  most  
r e l i a b l e  i n d i c a t i o n s  of  l a r g e  p ro ton  e v e n t s .  
.J  
. 
. A  
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The s o u r c e  o f  s o l a r  RF emiss ion  has  been t h e  I n t e r n a t i o n a l  
As t ronomica l  Union (IAU) Q u a r t e r l y  B u l l e t i n s  o f  S o l a r  A c t i v i t y  
from 1956 t o  1961. The d a t a  p u b l i s h e d  i n  t h e  IAU Q u a r t e r l i e s  a r e  
compiled from d a t a  s u b m i t t e d  by r a d i o  o b s e r v a t o r y  l o c a t i o n s  a l l  
o v e r  t h e  wor ld .  For a l i s t  of  t h e  s t a t i o n s  o b s e r v i n g  w i t h i n  t h e  
f r e q u e n c y  range  1 0 0 0 - 3 7 5 0  mc/s, as o f  December, 1 9 6 1 ,  s e e  Table  1. 
To i n s u r e  maximum c o n s i s t e n c y  i n  t h i s  a n a l y s i s ,  a S c h e l l e n g e r  
Research  L a b o r a t o r i e s  P ro ton  Event L i s t  f o r  t h e  p e r i o d  1 9 5 6 - 1 9 6 1  
has  been compiled (Table  2 ) .  The d a t a  f o r  t h i s  l i s t  has  been ob-  
t a i n e d  from v a r i o u s  s o u r c e s .  These s o u r c e s  and c o n t r i b u t i n g  i n -  
f o r m a t i o n  a r e  : 
1. P r o t o n  e v e n t  d a t a ,  PCA s t a r t  t ime  and d u r a t i o n ,  H,H. 
Mal it son .  [31  
2 .  The Event s i ze  a t  E > 30  MeV, was de te rmined  u s i n g  W.R. 
Webber's p r o t o n  event  l i s t L 4 ]  a s  f i r s t  impor,t,ance. 
3 .  The remain ing  e v e n t  s i z e s ,  a t  E 2 0  MeV, were f u r t h e r  
completed u s i n g  t h e  l i s t  developed by D . K .  B a i l e y  [ 5  1 
a s  second importance.  
The E . L .  Chupp and R . W .  Wi l l iams  l i s t [ ' 6 1  a t  E > 1 0 0  Mev 
assumed t h i r d  importance i n  d e t e r m i n i n g  t h e  p r o t o n  e v e n t  
4. 
s i z e .  
5 .  L e a s t  importance was a s s i g n e d  t o  t h e  W.R. Webber - H . H .  
M a l i t s o n  l i s t L 4 ]  which was used  t o  de t e rmine  e v e n t  s i z e s  
f o r  t h e  remainder  of t h e  p r o t o n  e v e n t s .  
T h e r e f o r e  t h e  S c h e l l e n g e r  Research L a b o r a t o r i e s  P ro ton  Event 
t 
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L i s t  h a s  been c o n s t r u c t e d  by f i r s t  l i s t i n g  t h e  PCA e v e n t ,  t h e  d a t e  
and s t a r t  t ime .  The PCA d a t e s  have been a s s i g n e d  a p r o t o n  e v e n t  
s i z e  u s i n g  W.R. Webber 's  l i s t ,  then  B a i l e y ' s ,  t h e n  t h e  Chupp and 
Williams l i s t ,  and t h e n  t h e  Webber-Malitson l i s t .  The o n l y  d i s -  
c r epancy  a r o s e  i n  c o n j u n c t i o n  wi th  t h e  August 29 ,  1 9 5 7  pro' ton 
e v e n t .  
1957 th rough  August 31, 1957 and s t a t e d ,  i n  h i s  p r o t o n  e v e n t  l i s t ,  
t h a t  t h e r e  were p o s s i b l y  t w o  e v e n t s  d u r i n g  t h i s  p e r i o d .  From a l l  
a v a i l a b l e  i n f o r m a t i o n ,  i t  i s  b e l i e v e d  t h a t  t h e r e  were two e v e n t s ,  
one on August 2 9 ,  1 9 5 7  and one on August 31,  1 9 5 7 .  T h e r e f o r e ,  t h e  
August 29 e v e n t  was a c c e p t e d  as  hav ing  been c o n s i d e r e d  by W.R. 
Webber w h i l e  t h e  August 31  event  was l i s t e d  as  a B a i l e y  c o n s i d e r -  
a t i o n .  I t  i s  f i r m l y  b e l i e v e d  t h a t  t h e  c o m p i l a t i o n  o f  t h i s  new 
p r o t o n  e v e n t  l i s t  has  been n e c e s s a r y  t o  i n s u r e  maximum c o n s i s -  
t e n c y  and accu racy  i n  t h e  a n a l y s i s .  
W.R. Webber t r e a t e d  t h i s  e v e n t  a s  o c c u r r i n g  on August 2 9 ,  
I n  t h e  a n a l y s i s ,  p o s s i b l e  e r r o r s  i n  t h e  d a t a  have been t a k e n  
A l l  i n t o  c o n s i d e r a t i o n  b e f o r e  e s t a b l i s h i n g  t h e  optimum c r i t e r i a .  
time r e c o r d i n g s  have been assumed c o r r e c t  t o  p l u s  o r  minus one 
minu te .  A maximum o f  1 0 %  e r r o r  on t h e  RF e m i s s i o n  f l u x  d e n s i t y  
r e a d i n g s  has  been c o n s i d e r e d .  E 7 s 8 1  AII p r o t o n  e v e n t  s i z e s  a r e  
t a k e n  t o  be c o r r e c t  t o  a f a c t o r  o f  two. 
Some s p e c i f i c  terms have been d e f i n e d  and a r e  e x p r e s s e d  i n  
t h e i r  a b b r e v i a t e d  form. 
r e c e i v e d  a t  a s o l a r  r a d i o  o b s e r v a t o r y  a t  a p a r t i c u l a r  f r e q u e n c y ,  
i s  a s s o c i a t e d  w i t h  a p r e s c r i b e d  p r o t o n  e v e n t  and meets t h e  s i g n a l  
c h a r a c t e r i s t i c s  s p e c i f i e d .  (FA)i ( a  f a l s e  a la rm)  i s  a c a s e  where 
Ai (an a la rm)  i s  a c a s e  where t h e  s i g n a l ,  
r. 
i .  
d 
6 
a c h a r a c t e r i s t i c  s i g n a l  i s  r e c e i v e d  and no p r o t o n  e v e n t  (NPE), o r  
a p ro ton  e v e n t  o f  s i z e  l ess  than  a s p e c i f i e d  e v e n t  s i z e  (N) i s  ob- 
s e r v e d .  C h a r a c t e r i s t i c  s i g n a l s  r e c e i v e d  d u r i n g  a PCA (DPCA) a r e  
c o n s i d e r e d  f a l s e  a la rms .  Fi (an RF f a i l u r e )  i s  a c a s e  where a 
s i g n a l  a s s o c i a t e d  w i t h  a p r e s c r i b e d  p ro ton  even t  does n o t  meet 
t h e  s p e c i f i e d  s i g n a l  c h a r a c t e r i s t i c s .  
no Fi s i n c e  t h e  c r i t e r i a  has been e s t a b l i s h e d  t o  m a i n t a i n  a P(A/N) 
of  1 0 0 % .  
v ided  a p r o t o n  even t  o f  s i z e  g r e a t e r  t han  o r  e q u a l  t o  N has  o c c u r r e d .  
P(N/A) i s  t h e  p r o b a b i l i t y  of  a p ro ton  even t  o f  s i z e  e q u a l  t o  o r  
g r e a t e r  t h a n  N o c c u r r i n g ,  provided an a la rm has  been g iven .  
c o n d i t i o n a l  p r o b a b i l i t i e s  a r e  de f ined  ma themat i ca l ly  as  f o l l o w s :  
In  t h i s  a n a l y s i s  t h e r e  a r e  




EAi + zF i  P(A/N) = 
1 - 
C(FA)i + zAi C (FA) + zAi P(N/A) = 1 - 
where z(FA)i = c[FA(NPE)] + Z[FA(P.E.<N)] + C[FA(DPCA)]. 
I f  a p a r t i c u l a r  c a s e  is t aken ,  t h e  P(A/N) b a s i c a l l y  e s t a b -  
l i s h e s  t h e  fo l lowing  p r o p o s i t i o n :  i f  a l a r g e  p ro ton  even t  o c c u r s ,  
t h e n  c e r t a i n  c h a r a c t e r i s t i c s  w i l l  be met on t h e  RF s i g n a l .  There-  
f o r e ,  i n  t h e  a n a l y s i s  a P(A/N) o f  1 0 0 %  i n d i c a t e s  t h a t  when a l a r g e  
p r o t o n  e v e n t  occur s  t h e  a s s o c i a t e d  RF s i g n a l  w i l l  meet t h e  e s t a b -  
l i s h e d  c r i t e r i a  i n  a l l  cases. The P(N/A) e s t a b l i s h e s  t h e  converse  
p r o p o s i t i o n  t o  t h e  P(A/N), namely: i f  c e r t a i n  c h a r a c t e r i s t i c s  a r e  
7 8. 
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met on t h e  RF s i g n a l ,  t h e n  a l a r g e  p ro ton  even t  w i l l  occur .  
Th i s  a n a l y s i s  has  been approached u s i n g  t h e  n o n - r e s t r i c t i v e  
o u t l o o k .  
s t u d y  on t h e  r e l a t i o n s h i p  between s o l a r  RF emiss ion  and s o l a r  
p r o t o n  e v e n t s  encompasses both t h e  r e s t r i c t i v e  ( p e s s i m i s t i c )  and 
n o n - r e s t r i c t i v e  ( o p t i m i s t i c )  approaches.  The P(A/N) i s  g e n e r a l l y  
h i g h e r  u s i n g  t h e  n o n - r e s t r i c t i v e  approach.  In  t h i s  a n a l y s i s  t h e  
g o a l  has  been t o  ma in ta in  a P(A/N) o f  1 0 0 %  which means t h a t  t h e  
c r i t e r i a  must be e s t a b l i s h e d  t o  i n s u r e  t h a t  t h e r e  a r e  no RF f a i l -  
u r e s  (F i ) .  Th i s  can b e s t  be accomplished u s i n g  t h e  n o n - r e s t r i c t i v e  
approach.  
I n  t h e  p rev ious  SRL r e p o r t  [13 i t  was s t a t e d  t h a t  t h e  
To de termine  a r e l i a b l e  c r i t e r i a  f o r  t h i s  f requency  r ange ,  
a number o f  t a b l e s  have been compiled.  Among t h e s e  t a b l e s  i s  t h e  
s t a n d a r d i z e d  p r o t o n  e v e n t  l i s t .  This  t a b l e  has  been used i n  t h e  
d e t e r m i n a t i o n  o f  t h e  s o l a r  RF emis s ion  which occur red  b e f o r e  t h e  
o n s e t  o f  t h e  PCA. Th i s  s o l a r  RF emiss ion  has  been t aken  from t h e  
I A U  Q u a r t e r l y  B u l l e t i n s ,  1956-1961. I t  has  been neces 'sary t o  de-  
t e r m i n e  which p r o t o n  e v e n t s  were - > I O 7  protons/cm2 and which were 
< l o 7  protons/icm2 a t  E > .30  MeV. The W.R. Webber e v e n t s  a t , e n e r g i e s  
g r e a t e r  t h a n  30 Mev and s i z e s  - > l o 7  protons/cm2 were named t h e  l a r g e  
I 
p r o t o n  e v e n t s .  Those e v e n t s  c o n s i d e r e d  by B a i l e y  a t  E > 2 0  MeV, 
Chwpp and Wil l iams a t  E > 1 0 0  M e V ,  and Webber-Malitson a t  E > 30 
Mev were cons ide red  as  small p r o t o n  e v e n t s .  
S o l a r  r a d i o  emiss ion  a s s o c i a t e d  wi th  l a r g e  p r o t o n  e v e n t s  
f o r  t h e  f requency  range  1 0 0 0 - 3 7 5 0  mc/s ( n o n - r e s t r i c t i v e )  (Table  3 )  




, I  
I .  
1 
I -., 
IAU Q u a r t e r l y  B u l l e t i n s .  I t  should  be n o t e d  t h a t  f o r  e a c h  d a t e  
t h e r e  i s  one e n t r y .  Th i s  e n t r y  was chosen  because  i t  was t h e  
s o l a r  RF o u t b u r s t  which b e s t  cha rac t e r i - zed  t h e  p r o t o n  e v e n t  t h a t  
fo l lowed.  
T h i s  d a t a  (Table  3) has  been c a r e f u l l y  ana lyzed  t o  e s t a b l i s h  
c r i t e r i a ,  mindful  t h a t  a P(A/N) o f  1 0 0 %  must b e  m a i n t a i n e d ,  t o  be 
used  th roughou t  t h e  a n a l y s i s .  The c r i t e r i a  a r e ,  d u r a t i o n  >25 
m i n u t e s ,  and Maximum f l u x  d e n s i t y  o f  2 6 0  x 1 0  
- 
- 2 2  wm -2 ( c / s ) - ' .  
Taking i n t o  accoun t  t h e  d u r a t i o n  and maximum f l u x  d e n s i t y  c o r r e c -  
t i o n  f a c t o r s ,  t h e s e  c r i t e r i a  were lowered t o  D > 2 4  minutes  and 
MFD - >230 x 1 0  -22 wm-' ( c / s ) - l  f o r  p r o t o n  e v e n t  s i z e s  > l o 7  p r o t o n s /  
cm2 a t  E > 30 MeV. P ro ton  even t  s i z e s  - > l o 8  p ro tons /cm2 a r e  b e s t  
i n d i c a t e d  by D - >24 m i n u t e s ,  MFD - >250 x 1 0  - 2 2  wm-' ( c / s ) - l ,  w h i l e  
- > l o 9  pro tons /cm2 e v e n t s  a r e  ' c h a r a c t e r i z e d  by D - > 4 9  m i n u t e s ,  
MFD >690 x 1 0  
- 
( 4 s )  -?  - 2 2  w m - 2  - 
Using t h e  e s t a b l i s h e d  c r i t e r i a ,  " S o l a r  Radio Emission Asso-  
c i a t e d  w i t h  Small  P ro ton  Events" (Table  4 ) ,  F a l s e  Alarms (NPE) 
(Table  S), and F a l s e  Alarms (DPCA) (Table  6 )  have been compiled 
from a g e n e r a l  f a l s e  a l a rm t a b l e  which c o n t a i n e d  i n f o r m a t i o n  ex-  
t r a c t e d  from t h e  I A U  Q u a r t e r l y  B u l l e t i n s .  The g e n e r a l  f a l s e  a l a rms  
have been c a r e f u l l y  a n a l y z e d  t o  s e p a r a t e  t h e  f a l s e  a l a rms  i n t o  t h e  
c a t e g o r i e s  NPE and DPCA. The r e s u l t i n g  i n f o r m a t i o n  h a s  been used  
- .  t o  m a t h e m a t i c a l l y  de t e rmine  t h e  P(N/A) o f  t h i s  f r equency  r ange .  
I Another  t y p e  o f  f a l s e  a larm must a l s o  be c o n s i d e r e d  i n  t h e  
ma themat i ca l  c a l c u l a t i o n  o f  t h e  P(N/A). Th i s  f a l s e  alarm o c c u r s  
when t h e  s o l a r  RF emiss ion  c h a r a c t e r i s t i c  o f  a ve ry  l a r g e  p r o t o n  
- 7  
-1 
-- . -- -.-"r-. - 
I 
9 
For example,  e v e n t  occur s  and i s  fol lowed by a l a r g e  p r o t o n  e v e n t .  
i f  a s i g n a l  meets t h e  ' 1 0  9 protons/cm2 c r i t e r i a  b u t  i s  fo l lowed by 
a l o 7  protons/cm2 o r  l o 8  protons/cm 2 e v e n t ,  i t  i s  c o n s i d e r e d  a 
- 
f a l s e  a la rm f o r  i t  was i n d i c a t i v e  o f  a , lo9 protons/cm2 even t  b u t  
was n o t  fo l lowed by an even t  of  t h a t  s i z e .  
E f f o r t s  have n o t  been made t o  a l t e r  t h e  c r i t e r i a  t o  i n c r e a s e  
t h e  P(N/A) because i n i t i a l l y  the o b j e c t i v e  has  been t o  ma in ta in  a 
P(A/N) o f  1 0 0 % .  Any a l t e r a t i o n  i n  t h e s e  e s t a b l i s h e d  c r i t e r i a  w i l l  
d e c r e a s e  t h e  P(A/N). -Consequent ly ,  a l l  ca l cu l , a t ions  have been made 
u s i n g  c o n s i s t e n t  c r i t e r i a .  
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SRL PROTON EVENT LIST 
TABLE 2 
NO. D A l E  































2 - 2 3 - 5 6  
8 - 3 1 - 5 6  
1 1 - 1 3 - 5 6  
1 - 2 0 - 5 7  
4 - 3 - 5 7  
5 - 1 9 - 5 7  
6 - 2 2 - 5 7  
7 - 3 - 5 7  
7 - 2 4 - 5 7  
8 - 9 - 5 7  
8 - 2 9 - 5 7  
8- 31-  57 
9 - 2 - 5 7  
9 - 1 2 - 5 7  
9 - 2 1 - 5 7  
9 - 2 6 - 5 7  
1 0 - 2 1 - 5 7  
2 - 1 0 - 5 8  
3 - 2 3 - 5 8  
3 - 2 5 - 5 8  
4 - 1 0 - 5 8  
6 - 6 - 5 8  
7 - 7 - 5 8  
7 - 2 9 - 5 8  
8 - 1 6 - 5 8  
8 - 2 2 - 5 8  
8 - 2 6 - 5 8  
9 - 2 2 - 5 8  
5 -  1 0 -  59 
6 - 1 3 - 5 9  
0430  
1 5 0 0  
2100 







































1 . 5  















> 2  
2x109  >30 
- 3 x 1 0 7  >30 
'3x108 >30 
2x108  > 2 0  
1 x 1 0 8  > 2 0  
1 . 1 X 1 o 3  > l o o  
- l X 1 o 7  >30 
3x10  > 2 0 .  
1 .5x10  >20  
2 . 6 ~ 1 0 ~  >lo0 
5 x 1 o 7  >30  
1 . 6 ~ 1 0 ~  >20  
1 x 1 0 8  >20  
1.2X1o7 >20  
z X 1 o 4  > ~ O O  
l X 1 o 7  >30  
1.2X1o9 >20  
1 x 1 0 8  > 2 0  
2 . 3 ~ 1 0  > 2 0  
'5x106 >30  
4 x 1 0 8  >30 
l o 6  >30 
5 x 1 0 8  >30 
1 . 7 ~ 1 0 ~  > 2 0  
5 x 1 o 7  >30  
5 . 3 ~ 1 0 ~  >30 
1 . 7 ~ 1 0 ~  > 2 0  
7 . 6 ~ 1 0 ~  > l o o  
2 x 1 ~ 7  >30 
1 . 2 ~ 1 0 ~  >30 
Webber ( G )  
Webber ( G )  
B a i l e y  
Webber ( G )  
B a i l e y  
C h u p p - W i l l i a m s  
B a i l e y  
Webber (G)  
B a i l e y  
C h u p p - W i l l i a m s  
Webber (G)  
B a i l e y  
B a i l e y  
B a i l e y  
B a i l e y  
Chupp-Wi l l i ams  
Webber ( G )  
Webber (G)  
Webber ( G )  
B a i l e y  
B a i l e y  , 
W e b b e r - M a l i t s o n  
Webber ( G )  
B a i l e y  
Webber ( G )  
Webber ( G )  
Webber ( G )  
B a i l e y  
Webber ( G )  







L ,  
SRL PROTON EVENT L I S T  
( c o n t i n u e d )  
TABLE 2 
NO. DATE PCA DUR.. EVENT ENERGY SOURCE 

























































































































Webber ( G )  
Webber ( G )  
Webber ( G )  
B a i l e y  
B a i l e y  
Webber ( G )  
Webber ( G )  
Webber ( G )  
B a i l e y  
Webber ( G )  
Webber ( G )  
B a i l e y  
Webber ( G )  
Webber ( G )  
Webber ( G )  
Webber ( G )  
Webber ( G )  
Webber ( G )  
B a i l e y  
Webbe r '( G )  
Webber ( G )  
B a i l e y  
W e b b e r - M a l i t s o n  
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SOLAR RADIO E M I S S I O N  ASSOCIATED WITH LARGE PROTON EVENTS 
(1000-3750 mc/s) 
TABLE 3 
DATE FREQ. STA.  S T A  RT TIME OF DUR. MAX FLUX D E N S I T Y  E m  SI  ZE 
TIME MAX. I N S T .  SMOOTH E > 30 MEV - 
7 - 3 - 5 7  
8 -  16- 5 8  
8 - 2 3 - 5 8  
4 - 2 8 - 6 0  
9 - 3 - 6 0  
7 - 7 - 5 8  
7 - 1 0 - 5 9  
5 - 1 0 -  59  
7 - 1 4 - 5 9  
7 - 1 7 - 5 9  
1 1 - 1 5 - 6 0  
8 -  31- 56  
8 - 2 8 - 5 7  
8 - 2 2 - 5 8  
7-  1 3 - 6 1  
7 - 1 8 - 6 1  
1 1 - 1 2 - 6 0  
7 - 3 - 5 7  
8- 1 6 - 5  8 
8 - 2 6 - 5 8  
4 - 2 8 - 6 0  
9 - 3 - 6 0  
7 - 7 - 5 8  
7 - 1 0 - 5 9  
5 - 1 0 - 5 9  
7 - 1 4 - 5 9  
7 - 1 7 - 5 9  
1 1 - 1 5 -  60 
1000  
1 0 0 0  
1 0 0 0  
1 5 0 0  
1 5 0 0  













































142  7 
1010  
0938.5 









0 3 3 1  













1 0 0 1  
1509 
1042 .5  
0958 












6 0  7570 
8 5  4800 
59  1 9 0 0  1 6 0 0  
25  265 
4 
270 4 . 7 2 ~ 1 0  
60 800 
1 0 0  6000  4750 
> l o o  1550 
1 2 5  20600 4900 
> 6 5  6500 
235 8600 
8 5  4920 
2 80 692  
1 2 8  443 
240 '1700 
231 .5  1180  
> 9 0  770 
50  1 6 9 0  
60 2900 
57  2100 
30 285 
90 7100 
38 1 3 0 0  
> g o  3000 
> l o o  1300  
1 2 5  8450 
> 6 5  2350 
75 4950  
- l X 1 o 7  
z X 1 o 7  
5 . 3 ~ 1 0 ~  
7 2 . 5 ~ 1 0  
4x1o7  
5x108  








i X 1 o 7  
8 2 .5x10  
2 . 7 ~ 1 0 '  
~ 1 ~ 1 0 ~  
2 x 1 ~ 7  
5. 3 x 1 0 7  
7 2 . 5 ~ 1 0  
4x1o7  
5x108  
1. 2 x 1 ~ 9  
zX1o9  








SOLAR RADIO E M I S S I O N  ASSOCIATED WITH LARGE PROTON EVENTS 
(1000-3750 mc/s) 
TABLE 3 
DATE FREQ. STA.  START TIME OF DUR. MAX FL- -E 
T I M E  MAX. I N S T .  SMOOTH E > 30 MEV 






































































































































































7 1x1 0 
4x108 
2 .  5x108 
- 1 ~ 1 0 ~  






. 5 ~ 1 0  
8 x 1 ~ 9  








SOLAR RADIO E M I S S I O N  ASSOCIATED WITH LARGE PROTON EVENTS 
(1000-3750 mc/s) 
TABLE 3 
DATE FREQ. STA.  START TIME OF DUR. MAX FLUX DENSITY EVENT SI  ZE 
TIME MAX. I N S T .  SMOOTH E > 30 MEV 
2 - 2 3 - 5 6  3750  NAG 0334 - 5 0  18000  gX1o9 
7 - 1 4 - 5 9  NAG 0330  0356 100  6000  z X 1 o 9  
1 1 - 1 5 - 6 0  NAG 0 2 1 9  0222  80 11600  z X 1 o 9  






SOLAR RADIO E M I S S I O N  ASSOCIATED WITH SMALL PROTON EVENTS 
(1000-3750 mc/s) (N lo7) 
TABLE 4 
CHARACTERIST1CS:D 2 24 MIN MFD 2 2 3 0 ~ 1 0 - ~ ~  wm-’ ( c / s ) - ’  
DATE FREQ. STA. START TI’ME O F  DUR. MAX FLUX DENSITY 






















































































1000-3750 mc/s (NPE)  
TABLE 5 
C H A R A C T E R I S T I C S D U R A T I O N  1. 24 M I N ;  MFD 2 230x10 -22 wm-2 (c /s)  -l 
DATE FREQ. STA. START T I M E  O F  DUR. MAX FLUX D E N S I T Y  



















































1500 H H I  
H H I  

























































































































1000-3750 mc/s (NPE) 
TABLE 5 
CHARACTERISTICS: DURATION 2 24 MIN; MFD 2 2 3 0 ~ 1 0 - ~ ~  wm-' ( c / s )  
DATE FREQ. STA. START TIME OF DUR. MAX FLUX DENSITY 





























2 - 12 -59 



























































































































1000-3750  mc/s (NPE)  
TABLE 5 
CHARACTERIST1CS:DURATION 1. 24 M I N ;  MFD 2 2 3 0 ~ 1 0 - ~ ~  (c/s)-l wm-’ 
DATE FREQ. STA.  START ‘TIME OF DUR. MAX FLUX D E N S I T Y  
TIME MAX. I N S T .  SMOOTH 
8 - 2 8 - 5 9  2000 NAG 0 1 1 1  0123  30 2250 
8 - 1 1 - 6 0  NAG 0223  0253  35 375 
630 
7 - 2 8 - 6 1  NAG 0226  0235.6 35 260 
2 6  . 1 0  - 11 - 60 NAG 0523  0527  
F1 
2 - 1 0 - 5 6  
2 - 1 6 - 5 6  
2 - 1 9 - 5 6  
2 - 2 9 - 5 6  
11- 2 0 -  g6  
11- 22 - 56 
1 2 - 2 - 5 6  
1 2 - 2 6 - 5 6  
1 - 6 - 5 7  
4 - 2 - 5 7  
4 - 1 6 - 5 7  
4 - 1 7 - 5 7  
7 - 1 5 - 5 7  
7 - 1 6 - 5 7  
9 - 1 8 - 5 7  
1 - 1 5 - 5 8  
6 - 4 - 5 8  
6 - 5 - 5 8  
8 - 2 - 5 8  
1 1 - 2 4 - 5 8  
1 - 2 1 - 5 9  
3 - 2 5 - 5 9  
5 - 8 - 5 9  
6 - 9 - 5 9  
6 - 9 - 5 9  




























1 7 5 6  
1425  
2217  
1 2 0 9  
1 5 2 6  
1 3 5 4  
1 4 0 3  
1 7 5 8  
1914  
1 0 4 0  
2006 
2019 
1 7 3 9  










1 7 2 8  








































1 8 0  
























1 8 0 0  






1000-3750 mc/s (NPE)  
TABLE 5 
C H A R A C T E R I S T I C S D U R A T I O N  2 24 M I N ;  MFD 1. 2 3 0 ~ 1 0 - ~ ~  wm-’ (C/S)-’ 
DATE FREQ. STA. START T I M E  O F  DUR. MAX FLUX D E N S I T Y  
TIME MAX. I N S T .  SMOOTH 
7- 27- 59 
7-29-59 
7-29-59 



































































































































































2 2  
FALSE ALARMS 
1000-3750 mc/s (NPE)  
TABLE 5 
C H A R A C T E R I S T I C S D U R A T I O N  24 MIN: MFD L 2 3 0 ~ 1 0 - ~ ~  ~ m - ~  (c /s>"  
DATE FREQ. STA. START T I M E  O F  DUR. MAX FLUX D E N S I T Y  















12- 1 - 56 




12 - 9-56 
12 - 15-56 



































































0848 60 3100 
1049 50 1000 
33 >600 





















































2 3  
FALSE ALARMS 
1000-3750 mcjs (NPE)  
TABLE 5 
CHARACTERISTICQDURATION 2 24 MIN;  MFD 2 2 3 0 ~ 1 0 - ~ ~  wm-’ (C/S)-’ 
FREQ. STA.  START T I M E  OF DUR. MAX FLUX D E N S I T Y  DATE 
T I M E  MAX. I N S T .  SMOOTH 
1-4-57 3000 TOK 0450 27 331 15 
1-5-57 TOK 0050 58 501 193 
1-6-57 TOK 0038 25.8 334 13 
1-6-57 TOK 0526 342 31 
1-7-57 TOK 0339 90 349 63 
1-8-57 TOK 0326 150 283 17 
34 . 
1-9-57 TOK 0424 37.5 371 11 
1-13-57 TOK 0232 28 230 10 
1-15-57 TOK 0214 49 231 11 
1-27-57 TOK 0122 47 328 12 
1-31-57 TOK 0400 120 234 34 
2-27-57 TOK 0133 > 4 0  239 36 
3-16-57 TOK 0146 . 47 230 13 
3-17-57 TOK 0357 38.5 238 11 
3-27-57 TOK 0416 > 33 332 120 
4-1-57 TOK 0348 >75 234 17 
4-2-57 TOK 0301 60 800 56 7 
4-20-57 TOK 0246 >31 231 11 
5-9-57 TOK 0310 42.5 253 , 15 
5-10-57 TOK 0100 27 265 ’ 13 
5-16-57 TOK 0054 72.2 2 86 23 
5-17-57 TOK 0047 77 2 70 26 
5-22-57 TOK 0035 37.8 254 19 
5-25-57 TOK 0039 43 265 14 
6-3-57 TOK 0436 > 84 268 36 
6-15-57 TOK 0054 25.5 365 24 
6-15-57 TOK 0349 39.7 350 21 
6-21-57 TOK 0150 39 400 17 
6-28-57 TOK 0008 250 504 188 
7-2-57 TOK 0137 0210.2 79 353 46 
2 4  
h 
J 
I .  
' 1  
e '. 
FALSE ALARMS 
1000-3750 mc/s (NPE) 
TABLE 5 
CHARACTERIST1CS:DURATION 1. 24 M I N ;  MFD ; 2 3 0 ~ 1 0 - ~ ~  ( c / s ) - l  
DATE FREQ. STA. START TIME OF DUR. MAX FLUX DENSITY 























10- 20- 57 
10- 21- 5 7 
11-2-57 
11-6..57 
























































































































































































1000-3750 mc/s (NPE) 
TABLE 5 
CHARACTERIST1CS:DURATION 2 24 MIN: MFD 230x10 -22 wm-2 (c/sl 
DATE FREQ. STA. START TIME OF DUR. MAX FLUX DENSITY 








































































































































































31 8 10 
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1000-3750 mc/s (NPE)  
TABLE 5 
CHARACTERIST1CS:DURATION L 24 M I N ;  MFD 2 2 3 0 ~ 1 0 - ~ ~  wm-' ( c / s ) - '  
~~ ~ 
DATE FREQ. STA.  START T I M E  O F  DUR. MAX FLUX D E N S I T Y  






























3000 HHI 0947 
HHI 0909 
HH I 0839.5 
HH I 0841 
HH I 1125 
HH I 1103.5 
TOK 0413 
HH I 0905 
HH I 0830 
TOK 0103 
TOK c2345 
HH I 1442 
HH I 1254 
TOK 0536 
TOK 0331 
HH I 0852 
HH I 1310 
HH I 1026 
HH I 1334 
HH I 1227 
TOK 0532 
HH I 1026 


















































































1000-3750 mc/s (NPE)  
TABLE 5 
C H A R A C T E R I S T I C S  DURATION 2 24 M I N ;  MFD 
DATE FREQ. STA.  START T I M E  O F  DUR. MAX FLUX D E N S I T Y  
2 3 0 ~ 1 0 - ~ ~  wm-' (c/s)-' 


















































2 8  
FALSE ALARMS 
1 0 0 0 - 3 7 5 0  mc/s (DPCA) 
TABLE 6 
C H A R A C T E R I S T I C S  D 24 ;  MFD 2 3 0 ~ 1 0 - ~ ~  wm-' (c /s)  -' 
DATE FREQ. STA.  START T I M E  OF. DUR. MAX. FLUX DEldSITY P CA 
1 0 - 2 2  watts m - z ( c / s ) - l  N O .  
I N S T .  
TIME MAX. 
U.T. U .T .  SMOOTH 
8 - 3 0 - 5 7  1 0 0 0  
8-31-57 
9 - 2 - 5 9  
1 1 - 1 4 - 6 0  
1 1 - 1 4 - 5 6  1500 
9 - 3 - 5 7  
9 - 3 - 5 7  
9 - 1 2  - 5 7  
9 -13-57  
8-18-58 
5 - 1 7 - 5 9  
1 1 - 1 4 - 6 0  2000 
9 - 3 - 5 7  2800  
3 - 2 8 - 5 8  
5 - 1 1 - 5 9  
7 - 1 5 - 5 9  
7 - 2 0 - 6 1  
7 - 2 0 - 6 1  
1 - 2 2 - 5 7  3000  
1 - 2 2 - 5 7  
7 - 4 - 5 7  
9 - 2 3 - 5 7  
7 - 2 9 - 5 8  
7 - 2 9 - 5 8  
8-18-58 
8 - 2 5 - 5 8  
































1 0 3 2  
1 0 2 2  
1 4 2 0  
1 5 1 5  
1 4 1 5  
0 8 1 1  
0 7 0 6  
0 2 5 8  
1 4 1 7  
2043  
2010 
1 9 2 5  
1 5 5 2  
1 6 3 4  
0 2 4 3  
0440 
O.052.5 
0 1 3 1  
1 1 3 9  
1 4 0 5  
0 7 4 8  
0952  
1 0 1 9  
2 2 1 3  30 
0314  26  244 
0740  26 
0 3 3 6 . 1  1 4 0  1 4 0 0  
73  
1 0 2 6  2 8  
1 4 2 5  80 
1 5 1 6  28 .5  
1 4 2 0  40 
0 9 3 3  1 5 0  243  
0707  29 .5  922 
0443 .7  1 4 0  1 8 0 0  
1 4 2 5  25  
2 0 4 5 . 1  33 
2022 > z o o  
1 9 2 6  > 3 7  
1 6 2 1 . 3  42  1 8 0 0  
1725 .5  222 250 
3 2 . 5  262 
60  2 76 
0116.7 > 5 6  335  
0152 > 39 425  
1201 .3  5 6  34  2 
1421 .5  3 2 . 3  382 
0814 1 0 3  338  
1005  74 334  
1039  36  5 73  
4 3 3  11 
1 2  




5 6 9  13 
627  1 4  




1 3 5 0  13 
520  20 
900  29 
290 32 
500  50  
55  50  
2 1  4 
31 4 
2 8  8 
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1000-3750 mc/s (DPCA) 
TABLE 6 
CHARACTERISTICS D 1. 24; MFD 2 2 3 0 ~ 1 0 - ~ ~  wm-2 (c /s)  -l 
B 
DATE FREQ. STA. START T I M E  OF- DUR. MAX. FLUX DENSITY PCA 
watts  m-’(c/s) -’ 
I N S T .  SMOOTH 
TIME MAX. 
U.T.  U.T.  
9-4-60 3750 NAG 0010 0028 25 280 
11-14- 60 NAG 0258 0354.6 140 4300 
3-30-58 2980 NED 0910 - 100 437 







The P(N/A) f o r  t h e  f r e q u e n c i e s  i n  t h e  range 1000-3750 mc/s 
may be  found i n  Table  7A. The P(N/A) has  been c a l c u l a t e d  w i t h  
r e s p e c t  t o  t h e  p r o t o n  e v e n t  s i z e  and t h e  s i g n a l  c h a r a c t e r i s t i c s  
s p e c i f i e d  i n  t h i s  t a b l e .  
A s  a p r e l u d e  t o  a more thorough f a l s e  a larms a n a l y s i s ,  t h e  
P(N/A) f o r  t h e  f r e q u e n c i e s  between 1000-3750 mc/s have a l s o  been 
computed e x c l u d i n g  t h e  FA(DPCA). The r e s u l t s ,  c o n t a i n e d  i n  t a b l e  
7 B ,  a l t h o u g h  encourag ing ,  do no t  w a r r a n t  any p’rofound s t a t e m e n t  
a t  t h i s  time. See F igu re  1 f o r  a comparison o f  t h e  c a l c u l a t i o n s  
o f  t h e  P(N/A) i n c l u d i n g  and n o t  i n c l u d i n g  t h e  F A ( D P C A ) .  
The r e s u l t s  o b t a i n e d  from t h e  f requency  range  may be  found 
i n  Tab le  8A. 
8B c o n t a i n s  t h e  r e s u l t s  o f  t h e  same a n a l y s i s  e x c l u d i n g  t h e  FA(DPCA). 
However, t h e s e  r e s u l t s  (Table  8B) a r e  n o t  o f f e r e d  a s  c o n c l u s i v e  
e v i d e n c e .  To p r o v i d e  f u r t h e r  i n s i g h t  a s  t o  t h e  c o n t r i b u t i o n  o f  
an i n d i v i d u a l  f requency  t o  t h e  r a n g e ,  Tab le s  8C and 8D were com- 
p u t e d .  Table  8C c o n t a i n s  t h e  r e s u l t s  o f  t h e  e n t i r e  range  e x c l u d -  
i n g  one f r equency ,  2980 mc/s. Table  8D a l s o  was computed e x c l u d -  
i n g  one f r equency ,  3 0 0 0  mc/s. 
Again,  s o  t h a t  some comparison might be made, Table  
I t  i s  a p p a r e n t  t h a t  3000 mc/s does c o n t r i b u t e  g r e a t l y  t o  t h e  
lower  P(N/A). Th i s  d e f i c i e n c y  evo lves  from t h e  l a r g e  number o f  
f a l s e  a la rms  a t  t h i s  f requency .  
f a l s e  alarms might  be found by a c l o s e  a n a l y s i s  o f  t h e  I A U  Q u a r t e r l y  
B u l l e t i n s .  However, a l l  s t a t e m e n t s  p r o j e c t e d  i n  t h i s  manner would 
be assumpt ions .  
An e x p l a n a t i o n  o f  t h e  g r e a t e r  
Formal acceptance  o f  any such t h e o r i e s  might 
31 
p o s s i b l y  l i e  i n  f u r t h e r  i n v e s t i g a t i o n  o f  f a l s e  a la rms  and i n v e s t i -  
g a t i o n  o f  s t a t i o n  h a n d l i n g  a t  t h e  3 0 0 0  mc/s o b s e r v a t o r y .  
The c o n s i d e r a t i o n  o f  mixed f r equency  combina t ions  (Table  9 )  
\ show t h a t  by u s i n g  s e l e c t i v e  frequency combina t ions ,  t h e  P ( N / A )  
may be f u r t h e r  i n c r e a s e d  w i t h o u t  a l t e r i n g  t h e  c r i t e r i a  f o r  t h e  
f r equency  r ange .  Table  9A p r e s e n t s  t h e  n o n - s e l e c t i v e  r e s u l t s .  
Tab le  9B i s  s imply  a r e p r o d u c t i o n  o f  Table  9A e l i m i n a t i n g  t h e  
FA (DPCA) . 
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1 0 0 0 - 3 7 5 0  mc/s 
TABLE 8 
8A 
PROTON EVENT MF D ~.~ ~ 
S I Z E  (N)  I N  FREQ DUR [10-22wm-2 Z ( F A ) ~  Z A ~  P ( A / N I  P(N/A)  
PROTONSICM~ (MCIS) (MINI 
w i t h  (c/sI-  1 
E > 30 MEV 
- > l o 7  RANGE - >24 - >230 350 59 100 14.4 
- > l o 8  RANGE - >24 - >250 361 3 0  100 7.7  
- > l o 9  RANGE - >49 - >690 90 17 1 0 0  15.9 
>lo' RANGE - >24 - >230 319 59 100 15.6 
[ E x c l u d e  >24 - >250 332 30 100 8 . 3  > 1 0  
- > l o 9  - - >690 8 5  17 100 16.7 F.A. (DPCA) 1 ,49 
- 8  - 
8C 
- ? l o 7  RANGE - >24 - >230 325 54 100 14.2 
- > l o 8  [ E x c l u d e  - >24 - >250 331 2 8  100 7.8 
- >lo9 2980 MC/S] 249 - >690 8 1  17 100 17.3 
8D 
- > l o 7  RANGE - >24 - >230 2 0 3  53 100 20.7 , 
.lo8 [ E x c l u d e  - >24 - >250 223 27 100 18.0 , 
>10 3000 MC/S] 249 - >690 76 16 1 0 0  17.4 - 9  




( 1 0 0 0 ,  2000,  3750 MC/S) 
TABLE 9 
MFD PROTON EVENT 
S I Z E  (N) 14 DUR. [10-22wm-2 Z ( F A ) i  ZAi P ( t / N )  P ( N / A )  
PROTONS/CM ( M I N )  -l1 0 
w i t h  
E > 30 MEV 
>24 . 7230 73 33 100 31.1 
7250 a7 i a  100- 17.1 
7690 36 12 100 25.0 
- >lo7 - 
- >loa - >24 - 
- >lo9 - 
- 
- > 49 
9B 
[Exclude F . A .  (DPCA) j 
>230 66 33 100 33.3 
,250 ai i a  100 18.2 
7690 33 12 100 26.7 
- >24 - >lo7 - 
- . loa  - >24 - 




The r e s u l t s  p r e s e n t e d  i n  t h i s  r e p o r t  have c e r t a i n  l i m i t a t i o n s .  
F i r s t  of  a l l ,  i t  i s  n o t  completely c e r t a i n  t h a t  t h e  Pro ton  Event 
List  used  i s  t h e  most a c c u r a t e  l i s t  a v a i l a b l e .  
e r r o r  i n  t h i s  s o l a r  p r o t o n  emission d a t a  would produce e r r o r s  i n  
t h e  a n a l y s i s  o f  t h e  r e l a t e d  phenomena. A l s o  t h e r e  i s  no a b s o l u t e  
a s s u r a n c e  t h a t  c r i t e r i a  e s t a b l i s h e d  f o r  l a r g e  p r o t o n  e v e n t s  f r o m  
s o l a r  c y c l e  1 9  w i l l  apply  t o  l a r g e  p ro ton  e v e n t s  o c c u r r i n g  i n  f u t u r e  
s o l a r  c y c l e s .  
Consequent ly ,  any 
I t  shou ld  a l s o  be noted  t h a t  t h e  f r e q u e n c i e s  cons ide red  i n  
t h e  a s s i g n e d  range have n o t  provided a complete  2 4  h o u r  Ri: moni- 
t o r  o f  s o l a r  emis s ion .  Fu r the rmore , ' f rom t h e  3 0 0 0  mc/s a n a l y s i s  
a l o n e ,  i t  i s  e v i d e n t  t h a t  s t a t i o n  i n c o n s i s t e n c y  and/or  e r r o r  w i l l  
a f f e c t  t h e  r e s u l t s .  
Th i s  a n a l y s i s  o f  t h e  frequency range 1000-3750 mc/s has  i n -  
d i c a t e d  t h e  fo l lowing :  
1. A s e t  c r i t e r i a  can be used f o r  a f requency  range .  (How- 
l 
2 .  
e v e r ,  t h e  optimum c r i t e r i a  cannot  be o b t a i n e d  i n  t h i s  
manner.) 
The optimum c r i t e r i a  f o r  t h e  1000-3750 mc/s f requency  r ange ,  
t h e  f r e q u e n c i e s  1 0 0 0 ,  1 5 0 0 ,  2 0 0 0 ,  2 8 0 0 ,  2 9 8 0 ,  3000 and 3750  
. 
mc/s i n  p a r t i c u l a r ,  a r e  f o r  > l o 7  protons/cm 2 , Durat ion  > 2 4  - - 
( c / s )  -I, - 2 2  w m - 2  minu te s ,  Maximum Flux Dens i ty  > 2 3 0  x - 1 0  
> l o 8  protons/cm , Durat ion > 2 5  minu tes ,  Maximum Flux Den- 
- 
2 - - 
- 2 2  ~ r n - ~  ( c / s ) - '  > l o 9  protons/cm 2 , Durat ion  ' -  s i t y  > 2 5 0  x 1 0  - 
> 4 9  minu tes ,  Maximum Flux Dens i ty  > 6 9 0  x 1 0  - 2 2  wm - 2  ( c / s ) - ' .  
- .  - 
I '  I 
4 0  
I 
3 .  
4 .  
5. 
6 .  
7. 
The o p t i m u m - s i t u a t i o n ,  w i th  r e s p e c t  t o  t h e  P(A/N)  and 
P ( N / A ) ,  i s  o b t a i n e d  when s i g n a l  c h a r a c t e r i s t i c s  a r e  
s p e c i f i e d  on a combinat ion o f  f r e q u e n c i e s  r a t h e r  t h a n  
on o n l y  one f requency .  
A s t u d y  of  t h e  methods and o p e r a t i o n  o f  i n d i v i d u a l  s o l a r  
r a d i o  o b s e r v a t o r i e s  i s  n e c e s s a r y .  
I n  s e t t i n g  up a P . E .  Warning ne twork ,  t h e  f r e q u e n c i e s  
must be chosen t o  i n s u r e  complete  mon i to r ing  o f  S o l a r  
RF emis s ion  throughout  each  day.  
A f a l se  a l a rm a n a l y s i s  may s e r v e  t o  
alarms, t h e r e b y  i n c r e a s i n g  t h e  P ( N / ,  
range.  
reduce t h e  f a l s e  
) f o r  t h e  f r equency  
The r e s u l t s  o f  t h i s  a n a l y s i s  can s e r v e  a s  t h e  b a s i c  c r i -  
t e r i a  f o r  an e l e c t r o n i c  warning system. 
c 
1. 
2 .  
3 .  
4 .  
5. 
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